We tested whether the expression of the suberization-associated anionic peroxidase gene is involved in the timely appearance of the vascular suberized coating involved in the resistance of a tomato line to Verticillium albo-atrum. The mRNA for this peroxidase appeared at a higher level one day earlier in wound-healing fruits of the resistant tomato line than in a near-isogenic susceptible line. Cell cultures from the resistant line, when treated with low levels (nanograms per milliliter) of fungal elicitor, generated the peroxidase mRNA and this apparent activation of the peroxidase gene expression could be detected in minutes, whereas the cells from the susceptible line hardly responded. possess inherent differences in their ability to respond to the fungal attack. Resistance, which was found to be from a single dominant Mendelian gene (25), was shown to be associated with a timely deposition of vascular coating on the walls of the infected cells (27) . The chemical composition of this vascular coating showed it to be suberin ( 18). Since suberization has been found to be regulated by a highly anionic peroxidase (17, 24) , it appeared possible that the resistance response might involve induction of this suberization-associated peroxidase, and the two cell lines might differ in their ability to respond to fungal signals by triggering the peroxidase gene expression. In this report, we show that wounding and fungal elicitors induce the peroxidase mRNA earlier and to a higher level in the resistant tomato line than in the susceptible line.
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Peroxidases have been implicated in many diverse physiological processes such as dormancy, organogenesis, aging, lignification and suberization (12) . Such enzymes probably catalyze the polymerization of the phenolic components of lignin (13, 20) and suberin (2, 17) . The deposition of suberin monomers in wound-healing potato (Solanum tuberosum) tuber slices was shown to be associated with induction of a highly anionic peroxidase (2, 7) . Immunocytochemical localization showed that this peroxidase was induced only during the time of suberization and was located exclusively in the walls ofthe suberizing cells ofthe wound-healing potato tissue (8) . The cDNA for this peroxidase from potato was cloned and sequenced (24) , and it was found to be highly homologous to the tomato peroxidase gene (23) . The peroxidase mRNA was shown to be induced in wound-healing potato tubers and tomato fruits (24) .
Suberization has been suggested to be a defense response that reinforces the cell walls and thus limits ingress of pathogens into the host (5, 16, 19, 21, 28 (1) . The carbohydrate content of the elicitor preparation was quantitated as hexose equivalents by the anthrone method (6) .
Plant Materials and Wounding Experiment
The tomato plants (Lycopersicon esculentum) were grown from seed in a green house. Young green tomato fruits from which the epidermal layer was excised were incubated in a moist chamber at 26°C (24) . The fruits were allowed to wound-heal for 0, 1, 2, and 3 d and, the wound-periderm was used to prepare RNA. 
Isolation of RNA and Northern Analysis
Total RNA from the frozen tomato cells (2 g) was isolated using the single-step method of Chomczynski and Sacchi (3). Total RNA (10 yg) was heated at 65°C for 10 min and electrophoresed on a 1 % agarose gel containing 0.67 M formaldehyde (1 1). The RNA was blotted onto a Nytran membrane (Schleicher & Schuell), and hybridized to labeled potato peroxidase cDNA. The blots were subjected to autoradiography at -80°C.
RESULTS

Induction of Anionic Peroxidase mRNA in Wound-Healing Tomato Fruits
RNA from tomato wound periderm, isolated 0, 1, 2, and 3 d after wounding, was blotted onto a Nytran membrane and hybridized with a potato peroxidase cDNA that is highly homologous to the tomato peroxidase genes. A slot-blot of RNA from unwounded and 2-d wound-healed fruits from resistant and susceptible tomato lines (Fig. 1A) revealed that the resistant line had a higher level of RNA that hybridized with the peroxidase probe. Densitometric scanning of the autoradiogram of RNA from fruits wound-healed for various periods of time showed the induction profile of peroxidase message from the resistant and susceptible tomato lines (Fig.  1 B) . Unwounded tissues from both lines showed little peroxidase mRNA. After 24 from the resistant tomato line had much more peroxidase message than the susceptible line. By the third day of woundhealing, the message level in the resistant line decreased to a level that was reached by the susceptible line.
Induction of Peroxidase mRNA in Tomato CellSuspension Cultures by Fungal Elicitor
In a series of experiments the effect of adding an elicitor preparation from V. albo-atrum cultures into the cell suspension culture of the two tomato lines was examined. It was found that the peroxidase mRNA level was barely detectable in actively growing young cultures but the peroxidase message appeared in cultures older than 10 d. Therefore, we chose cells from 4-d-old cultures to test the effect of the fungal elicitor.
Cell suspension cultures from the resistant and susceptible tomato lines were incubated with different levels of the fungal elicitor, and the cells were harvested after 15 min or 3 h of contact with the elicitor. Total RNA was electrophoresed, blotted, and the Northern blots were probed with the 800 bp2 potato peroxidase cDNA (Fig. 2) . The probe hybridized to a mRNA species of approximately 1600 bp, which was of the same size as the peroxidase message detected in woundhealing potato and tomato tissues (24) . The resistant cell line responded to the elicitor by producing the peroxidase message (Fig. 2, bottom) . In this cell line as little as 8 ng/mL elicitor induced peroxidase mRNA which was detected by 3 h. At higher concentrations of the elicitor (1.0 ,ug/mL), the peroxidase mRNA could be detected in the resistant line within 15 min after treatment with the elicitor. On the other hand, the susceptible cells (Fig. 2, top) showed barely detectable amounts ofperoxidase message up to 3 h after treatment even with up to 5 gg/mL of the elicitor. Ribosomal RNA content was used to monitor recovery of RNA and actin mRNA level, that was used as a control, did not change with elicitor treatment.
Temporal Induction of Peroxidase mRNA in Tomato Cell Cultures
Cell cultures from resistant and susceptible tomato lines, treated with 1.0 ,ug/mL elicitor for 0, 4, 16, 24, and 48 h, were harvested and total RNA isolated from the cells were subjected to Northern analysis using the 800 bp anionic peroxidase cDNA probe (Fig. 3) . The resistant cell line responded to the elicitor by producing high levels of peroxidase message, which reached a maximum by 16 h and then the level decreased. The susceptible line showed very little induction that reached a maximum by 4 h.
Since only the cell cultures from the resistant line showed a major induction of anionic peroxidase mRNA in response (Fig. 4) (17) . Suberization of the cell walls is a response to injury and pathogen attack that reinforces the walls and makes a barrier to diffusion and pathogen ingress (5, 19, 28) . Chemical composition of pathogen-induced deposits on the cell walls have not been determined in most cases. The vascular coating induced by Verticillium albo-atrum in the resistant tomato line not only stains for phenolic components (27) , but also contains aliphatic monomers characteristic of suberin (18) . Thus, this host-pathogen system provides a model for examining the molecular basis of cell wall reinforcement by suberization, induced by a pathogenic fungus.
A highly anionic peroxidase is most probably involved in the polymerization that generates the aromatic matrix of suberin (17) . Suberization induction and inhibition caused by such factors as wounding, hormones, and mineral deficiency were found to be associated with induction or inhibition of production of the anionic peroxidase (19) . Therefore, it appeared likely that a key factor in the fungus-induced deposition of suberized vascular coating might be the induction of this enzyme. In fact, the two near isogenic tomato lines showed inherent difference in the inducibility of the anionic peroxidase gene. The wound-healing fruits of the resistant line showed a faster and higher induction of the peroxidase mRNA that reached a maximal level one day earlier than the fruits from the susceptible line.
If However, the present response is certainly consistent with the postulated role for the peroxidase in the formation of the vascular coating triggered by the infection process in the resistant tomato line. Furthermore, Northern blot analysis of mRNA from inoculated petioles from the resistant tomato line showed higher amounts of peroxidase mRNA than that found in the susceptible line (R. Mohan, J. Robb, P. E. Kolattukudy, unpublished data), suggesting that the observations made with the suspension culture might reflect the events that occur when the fungus attacks the plant. The elicitor-treated cell cultures had about 8-to 10-fold higher levels of peroxidase message than the tomato petioles that were challenged with fungal spores. This difference might be in part due to the fact that all of the cells in the cultures were exposed to the elicitor, whereas in the petioles probably only the few cells localized around the fungal spore would be induced. Similar differences between cell cultures treated with fungal elicitors and plant tissues inoculated with fungal spores have been observed ( 14) .
The cell cultures from the resistant tomato line were able to perceive the elicitor and they responded by producing peroxidase mRNA within 5 min after treatment. The resistant cell cultures also responded to very low levels of the elicitor, whereas the susceptible cell line did not. This observation suggests that the major difference between the two lines might be in some step from the perception of the signal to the actual enhancement of gene expression. The mechanism by which elicitors trigger gene expression is not understood. One possibility is that the susceptible line has low amounts of receptor or a defective receptor for the elicitor. It is also possible that some other protein factor involved in the cascade of signal transduction resulting in gene expression is defective in the susceptible line. Yet another possibility is that both the resistant and susceptible cell lines have the same trans-acting factors, but differ in their cis-acting elements, making the regulatory region of the gene from the susceptible line less responsive to the trans-acting factors.
Infection of plants depends on the ability of pathogenic fungi to gain entry into the internal plant tissues, either through wounds or by penetration through the intact barriers. Our studies indicate that suberization might be important in resistance. Higher levels of peroxidase activities have been associated with resistance to other pathogens (10, 12, 22, 26, 29) . The nature of the reactions such peroxidases catalyze are not known. In all such cases suberization might not be involved. Deposition of phenolic polymers on walls or crosslinking of wall components catalyzed by such peroxidases (9) could make the cell walls less susceptible to fungal enzymes and thus help to limit the ingress of the pathogen. Thus, such peroxidases could be at least in part responsible for the resistance to pathogen attack. Transfer of the peroxidase gene from resistant plants to the susceptible line would help in understanding the molecular mechanisms of resistance and provide us with a means to genetically engineer crop plants resistant to fungi.
